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ABSTRACT: The aim of this study is to investigate the nitrate adsorption on granular ferric hydroxide (GFH). The effect of factors such as initial
concentration of nitrate, pH, contact time, and adsorbent mass were determined. The study was done in laboratory-scale in which synthetic
nitrate solutions in a batch reactor were placed in contact with the adsorbent to model adsorption kinetics. It was found that with increasing
initial concentration of nitrate, sorption capacity reaches the maximum level within two to three minutes. Increasing the amount of adsorbent
and decreasing the adsorbent particle size could reduce the adsorption capacity. At alkaline pH (9.5), the highest sorption of nitrate on GFH
occurred but it was found that the pH does not have a great impact on nitrate adsorption on GFH. Also, it was revealed that the adsorption ki-
netics followed pseudo-degree reaction model. This method could decrease the nitrate concentrations to less than the standard level (45 mg/L

based on nitrate).
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Introduction

In many parts of the world, people use groundwater sourc-
es as potable water. Thus, possible pollutants in these water
resources should be considered. Recently, agricultural and in-
dustrial works have caused toxic pollutants in groundwater.
These pollutants include inorganic anions such as nitrate and
fluoride, arsenic, metal ions, and synthetic organic chemicals
[1]. Nitrate can penetrate to water through air and soil. Excess
nitrate in drinking water is a carcinogen and toxic for human
and animals [2, 3].

Environmental agencies have defined various maximum
contaminant level (MCL) for nitrate intake. EPA has estab-
lished 10 mg/L of nitrate and WHO has determined 45 mg/L
of nitrate as MCL for this ion [1, 4].

If nitrate concentration in potable water exceeds the stan-
dard level, it can cause environmental issues like etherifica-
tion in rivers and illnesses such as methemoglobinemia and
other health problems as blood pressure [5, 6], congenital
defects including cardiac defects[7, 8], colon cancer [9], goi-
ter, thyroid disorders, gastric cancer [10], increase in children
mortality and genetic defects [7] in human.

There are various methods to remove nitrate from drink-
ing water that could be classified as chemical (e.g. electroly-
sis [11-15], reverse osmosis [10, 16], ion exchange [10, 17],
coagulation, electrical, and chemical coagulation [18]), phys-
ical (e.g. adsorption [1, 19]), physicochemical [20], biological
[10] (e.g. denitrification [21]), and bioreactor membrane [22]
groups.

Adsorption method has been removed diverse inorganic
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anions such as fluoride, nitrate, bromate and perchlorate from
water by different types of adsorbents [1].

Various adsorbents have been used for nitrate adsorption
including PAC, ZnCl, treated coconut granular, bamboo char-
coal, layered double hydroxide etc. [1]. Granular ferric hydrox-
ide (GFH) is a substance that has been used as adsorbent for
removing some of pollutants including six-valent chromium
[23], NOM [24], fluoride [25] and arsenate [26].

Due to GFH is an environment-friendly substance [25] and
its costs are lower than other removal methods, researchers
are encouraged to use this substance as an adsorbent.

The aim of this study is to investigate the nitrate adsorp-
tion on granular ferric hydroxide (GFH). The effects of factors
such as initial pH, contact time, initial nitrate concentration,
and adsorbent mass were also determined.

Materials and methods

This is an original study and it was done in laboratory and
pilot scale. The stages of preparation and experiment are of-
fered as bellow:

Granular ferric hydroxide (GFH)

GFH was purchased from Wasserchemie (Gmbh & Co. KG,
Osnabruck, Germany). The granules were sieved by 18 mesh
sieve until granules smaller than 1mm got completely sepa-
rated. Table 1 demonstrates GFH features. The specific surface
area of GFH was determined through BET method. A total of
97% of the pores is less than 4.5 nm [5]. The pH of the point
of zero charge (pH,,.) was determined by different researches
to be 7.5 - 8 [5]. Then, GFH was washed with deionized water
and placed in an oven for 2 h at 105 "C temperature.

Nitrate solution preparation

Nitrate stock solution (1000 mg/L of nitrate) was prepared
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by dissolving KNO, (Merk Co, Germany) in de-ionized water.
A range of dilutions (50 - 150 mg/L of nitrate) were prepared

from the stock solution.

Table 1. Characteristics of GFH

Character Value
Specific surface area (m2/g) 280
Particle size (mm) 032-2
Water content (%) 43-48
pHezc 7.5-8.2
Bulk density (kg/m3) 1250
Porosity of grains (%) 72-77

Theory

At first, a pretest was done to specify the optimum adsorp-
tion pH and proper contact time limit. The nitrate concen-
tration and contact time limit for pretest were selected 50
mg/L of nitrate and 5 - 90 min, respectively. To adjust pH
about 4, 7, and 9.5 as acidic, neutral and alkaline pH, re-
spectively, H,SO, and NaOH were used. It was observed that
after 5 min contact time, desorption of nitrate happened.
Therefore, the experiments were also done under 5 min
and it was seen that nitrate adsorption on GFH granules
occurs under 5 min contact time. Thus, in the fallowing
experiments, samplings were done less than 5 min in du-
ration.

The adsorption experiments were done on GFH with
a smaller diameter than 1 mm and initial nitrate solu-
tions of 50, 75, 100, and 150 mg/L of nitrate and fixed
volume of 50 mL to determine the optimum initial con-
centration of nitrate. Due to specify the optimum mass of
adsorbent, the experiment was conducted with various
masses of GFH including 0.625, 1.25, 2.5, and 3.75 g in
50 mL fixed volume of nitrate solution with the optimum
initial concentration of nitrate, which was adopted from
the previous stage. Finally, the adsorption process at the
optimum condition, which was achieved from previous
experiments, was investigated at 0.5, 1, 1.5, 2, 3, 4, and 5
min to find out the optimum contact time of adsorption.
All experiments were studied at room temperature (25 +2
°C) and mixed with a shaker (300 rpm). After equilibri-
um, samples were filtered using 0.45 pm membrane fil-
ters and the concentration of nitrate in residual solution
was determined by DR4000 spectrophotometer (HACH)
at 220 nm wavelength.

Adsorption studies

Eqg. 1 and Eq. 2 are used to determine the amount of adsorbed
nitrate (mg) on one gram adsorbent.
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Where g, is the amount of adsorbed nitrate on adsorbent
at equilibrium (mg/g), g, is the amount of adsorbed nitrate on
adsorbent at t time (mg/g), C; is the initial concentration of ni-
trate in solution (mg/L), C, is the final concentration of nitrate
in solution (mg/L), m is the adsorbent mass (g), and V is the
solution volume (L).

The obtained results from this study were plotted and de-
scribed by using Excel software and Squared value (R).

Results and Discussion

Effect of pH

The effect of acidic, neutral and alkaline pH (4, 7, and 9.5, re-
spectively) on adsorbing nitrate on GFH at a specified period
of contact time (5 - 90 min) with an initial concentration of 50
mg/L of nitrate was shown in Fig. 1.
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Fig. 1. Effect of pH on adsorption of nitrate on GFH (temperature=
25 °C, initial nitrate concentration= 50 mg/L of nitrate)

pH plays a remarkable role in adsorption treatment pro-
cesses of water because proton concentration can strongly
change the redox potential of adsorbates and adsorbents, en-
hance dissolution of the adsorbent material, and modify chem-
ical speciation of the adsorbates as well as a surface change of
adsorbent [27]. The effect of pH on nitrate adsorption on GFH
was studied by a pH range of 4, 7, and 9.5 as acidic, neutral
and alkaline pH, respectively. Notice to Fig. 1, it could be said
that differing pH (acidic, natural, and alkaline) does not have
a significant impact on removing nitrate by GFH, but alkaline
pH is better than acidic and neutral pH. Thus, for experiment
accuracy, the alkaline pH was preferred as optimum pH for ni-
trate adsorption on GFH.

Tang showed that the maximum adsorption of fluoride hap-
pens at 3 - 7.5 pH limit [25]. Asgari found out that the highest
arsenic [28], arsenate, arsenite and chromate [23] adsorption
on GFH occurs at neutral pH (about 7). Oztork observed that
the effective pH for removing nitrate by PAC is equal to 2 and
mentioned that the pH amount does not have a significant im-
pact on nitrate adsorption on other adsorbents [29].

Effect of initial nitrate concentration

In Fig. 2, the impact of initial concentration (50, 75, 100, and
150 mg/L of nitrate) at specified period of time (0.5 - 5 min)
was illustrated. Four different initial concentrations (50, 75,
100, and 150 mg/L) of nitrate was applied to study the effect
of initial nitrate concentration on nitrate adsorption on GFH.
Fig. 2 indicates that the required time to reach equilibrium
based on initial concentration of nitrate is variable, 3 min (C0=
75,50, and 100 mg/L) and 2 min (C,= 150 mg/L). In addition,
it was recognized that the nitrate removal potential by GFH at
equilibrium concentration increased with increasing the ini-
tial concentration.
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Fig. 2. Effect of initial nitrate concentration on nitrate adsorption
on GFH (temperature= 25 °C, pH=9.5)

Effect of adsorbent mass

In Fig. 3, the effect of adsorbent mass on adsorption kinetic by
time could be seen. There is a relation among the number of
active sites and adsorbent mass. The adsorbent mass due to
having adsorption active sites can play an important role in
removing pollutants from aqueous solutions. Thus, the effect
of GFH mass on nitrate adsorption was investigated at four
various mass of GFH (0.625, 1.25, 2.5, and 3.75 g). Fig. 3 indi-
cates that by increasing the amount of adsorbent (0.625 - 3.75
g), nitrate adsorption capacity decreases. The maximum value
of equilibrium concentration is belong to minimum GFH mass
(0.625 g), which reaches an equilibrium state after 3 min. The
minimum equilibrium concentration belongs to the maximum
adsorbent mass (3.75 g), which after 1 min gets to equilibrium
states.
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Fig. 3. Effect of GFH mass on nitrate adsorption on GFH (tempera-

ture=25 °C, pH= 9.5, initial nitrate concentration= 50 mg/L of ni-
trate).

Effect of contact time

The effect of contact time on adsorbing nitrate by GFH was
studied. It was observed that the best removal of nitrate hap-
pens at the first 5 min of the contact time. During the pretest,
the contact time effect was examined between 5 min and 90
min. It was observed that the maximum removal of nitrate
happens during the first 5 min and after 5 min due to com-
pletion of GFH’s adsorption capacity, disadsorption occurs.
Thus, the next experiments were done under 5 min contact
time. Fig. 4 demonstrates the adsorption kinetics of nitrate
uptake by GFH. As shown in Fig. 4, it could be found out that
the adsorption of nitrate happens within the first few minutes
of contact time between aqueous and adsorbent, and then it

rises till reaches equilibration status. It could be said that re-
moving nitrate ions take place in short time and the required
time for equilibration is about 2 to 3 minutes and after 3 min
there is no significant adsorption. These observations are sim-
ilar to what Chabani found out [30].

Bhatnagar observed that in removing bromate from water
with GFH by increasing the time, bromate removal increased.
He indicated that adsorbent exhibited an initial rapid uptake
removing nearly 75% of the dissolved bromate within the first
5 min followed by a slow kinetics to reach a plateau. He select-
ed 60 min as equilibration period [31].

Fluoride adsorption on GFH was increased by increasing
time. 90% of fluoride was removed within the first 10 min and
only 3 - 4% of removal happened within next 24 hours [32].

Kumar indicated that perchlorate adsorption on GFH in-
creased by increasing time. The maximum removal of per-
chlorate occurred in the first 3 min and at 60 min reached the

equilibrium [33].
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Fig. 4. Nitrate adsorption kinetics on GFH (temperature= 25 °C,
pH= 9.5, initial nitrate concentration= 50 mg/L of nitrate, GFH
mass= 0.625 g).

Kinetics modeling

Fig. 4 shows the nitrate adsorption kinetics and the results of
Lagergren and pseudo second order kinetics studies are given
in Fig. 5 and 6.
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Fig. 5. Nitrate adsorption kinetic modeling on GFH, pseudo- first-
order (Lagergren) (temperature= 25 °C, pH= 9.5, initial nitrate
concentration= 50 mg/L of nitrate, GFH mass= 0.625 g).
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Fig. 6. Nitrate adsorption kinetic modeling on GFH, pseudo- sec-
ond- order (temperature= 25 °C, pH= 9.5, initial nitrate concentra-
tion= 50 mg/L of nitrate, GFH mass= 0.625 g).

One of the more important characteristics in defining the
efficiency of adsorption is kinetics modeling. There are var-
ious kinetics models which are proposed by different inves-
tigators. In the present study, two kinetics models including
pseudo- second- order and pseudo- first- order model have
been discussed to investigate the rate and mechanism of ni-
trate sorption on GFH.

Pseudo- first- order model

The Lagergen’s rate equation is one of the most widely used
rate equation which describes the adsorption of an adsorbate
from the liquid phase. The liner form of pseudo- first- order
rate expression of Lagergren is as below:

log(qe — q¢) = logq. — 3)

_r
2.303

Where, q, and q, have the same meaning as mentioned be-
fore. k_ is the rate constant of Lagergren (1/min) which is de-
termined from the slope of plot and ey IS obtained from the
intercept of the plot [32].

Pseudo- second- order model
The adsorption kinetics can also be modeled by pseudo- sec-
ond- order equation as fallowing:

t 1 1

— = 4+ —t 4
¢ Kksq¢ Qe ®

Where, q, and q, are as mentioned perversely. k_is the rate
constant for the pseudo-second-order kinetics (g/mg). q, and
k are determined from the slope and intercept of the plot, re-
spectively [32].

As observed in Fig. 5 and 6, the R? value for pseudo-sec-
ond-order model is significantly greater than that for the La-
gergren model. Nitrate adsorption on GFH follows the pseu-
do- second- order reaction model with R?= 0.977.

Conclusions

The results indicated that GFH had a high efficiency in remov-
ing nitrate from potable water even at high concentrations of
this pollutant. Due to pH does not have a noticeable effect on
removal results of this pollutant, using neutral pH or in anoth-
er word the natural pH of water, in functional scale without
adjusting pH is possible. This can cue reduction in operational
costs. Therefore, it is one of the benefits of employing GFH in
removing nitrate.

GFH in water remains iron and can cause color in water
but conventional water treatment plants can eliminate this
residual iron. For utilizing this method for nitrate removal in
large scale, it is suggested to use it before carbon active unit
or sand filters. Also, it is better to localize GFH manufacturing
technology to decrease the cost of purchasing it from abroad.
One of the disadvantages of this method is the used GFH in the
removal method which after employing contains nitrate and
needs to be disposed of. If a method could proceed to reduce
the used GFH and reuse it, the costs of this removal method
would decrease and there would not furthermore request to
dispose of the remained GFH.

In several studies, the effect of the temperature on the ad-
sorption process has been proven, but due to the lack of lab
facilities, the effect of temperature on the adsorption was not
investigated in this study. It is suggested for further studies
to investigate the effect of the temperature on the adsorption
process.

Acknowledgment

The authors would like to thank the Research Center for En-
vironmental Pollutants related to Qom University of Medical
Sciences for financial support of this study.

References

[1] A. Bhatnagar, M. Sillanpaa, A review of emerging adsorbents for
nitrate removal from water, Chemical Engineering Journal, 168
(2011) 493-504.

[2] G. Gulis, M. Czompolyova, ].R. Cerhan, An ecologic study of nitrate
in municipal drinking water and cancer incidence in Trnava Dis-
trict, Slovakia, Environmental research, 88 (2002) 182-187.

[3] M. Kassaee, E. Motamedi, A. Mikhak, R. Rahnemaie, Nitrate re-
moval from water using iron nanoparticles produced by arc dis-
charge vs. reduction, Chemical Engineering Journal, 166 (2011)
490-495.

[4] WHO, Nitrates and Nitrites in Drinking Water, in, Genva, 2004.

[5] J. Stehlik, M.A. Movsesian, Combined use of PDE5 inhibitors and
nitrates in the treatment of pulmonary arterial hypertension in
patients with heart failure, Journal of cardiac failure, 15 (2009)
31-34.

[6] E. Reis, P. Rocha-Pereira, E.T. de Lemos, B. Parada, S. Baptista, A.
Figueiredo, A. Santos-Silva, C. Costa-Almeida, A. Mota, F. Teixei-
ra, Oxidative stress in cyclosporine-induced hypertension: evi-
dence of beneficial effects or tolerance development with nitrate
therapy, in: Transplantation proceedings, Elsevier, 2007, pp.
2494-2500.

[7]]J.-H. Choi, S. Maruthamuthu, H.-G. Lee, T.-H. Ha, ].-H. Bae, Nitrate
removal by electro-bioremediation technology in Korean soil,
Journal of hazardous materials, 168 (2009) 1208-1216.

[8] M.I. Cedergren, A.J. Selbing, O. L6fman, B.A. Kéllen, Chlorination
byproducts and nitrate in drinking water and risk for congenital
cardiac defects, Environmental research, 89 (2002) 124-130.

[9] C.-Y. Yang, D.-C. Wu, C.-C. Chang, Nitrate in drinking water and risk
of death from colon cancer in Taiwan, Environment internation-
al, 33 (2007) 649-653.

[10] PM. Ayyasamy, K. Shanthi, P. Lakshmanaperumalsamy, S.-J. Lee,
N.-C. Choi, D.-J. Kim, Two-stage removal of nitrate from ground-
water using biological and chemical treatments, Journal of bio-
science and bioengineering, 104 (2007) 129-134.

[11] M. Li, C. Feng, Z. Zhang, S. Yang, N. Sugiura, Treatment of nitrate
contaminated water using an electrochemical method, Biore-
source technology, 101 (2010) 6553-6557.

[12] M. Lj, C. Feng, Z. Zhang, X. Lei, R. Chen, Y. Yang, N. Sugiura, Simul-
taneous reduction of nitrate and oxidation of by-products using
the electrochemical method, Journal of hazardous materials, 171
(2009) 724-730.



Hassan Izanloo et al. /]. Saf. Environ. Health Res. 1(1): 31-35, Autumn 2016 35

[13] T. Huo, G. Lu, Y. Wang, L. Ren, A study on impact of livestock and
poultry breeding pollution on water environment safety in Shan-
dong Province, in: Advances in Water Resources and Hydraulic
Engineering, Springer, 2009, pp. 525-530.

[14] D. Reyter, D. Bélanger, L. Roué, Nitrate removal by a paired elec-
trolysis on copper and Ti/IrO, coupled electrodes-influence of
the anode/cathode surface area ratio, Water research, 44 (2010)
1918-1926.

[15] J.-H. Ahn, K.-H. Choo, H.-S. Park, Reverse osmosis membrane
treatment of acidic etchant wastewater: Effect of neutralization
and polyelectrolyte coating on nitrate removal, Journal of Mem-
brane Science, 310 (2008) 296-302.

[16] B.-U. Bae, Y.-H. Jung, W.-W. Han, H.-S. Shin, Improved brine recy-
cling during nitrate removal using ion exchange, Water Research,
36 (2002) 3330-3340.

[17] AS. Koparal, U.B. Ogiitveren, Removal of nitrate from water by
electroreduction and electrocoagulation, Journal of hazardous
materials, 89 (2002) 83-94.

[18]Y.Zhang, Y.Li,]. Li, L. Hu, X. Zheng, Enhanced removal of nitrate by
a novel composite: nanoscale zero valent iron supported on pil-
lared clay, Chemical Engineering Journal, 171 (2011) 526-531.

[19] S. Samatya, N. Kabay, U. Yiiksel, M. Arda, M. Yiiksel, Removal of
nitrate from aqueous solution by nitrate selective ion exchange
resins, Reactive and Functional Polymers, 66 (2006) 1206-1214.

[20] S. Aslan, A. Turkman, Nitrate and pesticides removal from con-
taminated water using biodenitrification reactor, Process bio-
chemistry, 41 (2006) 882-886.

[21] E. McAdam, S. Judd, A review of membrane bioreactor poten-
tial for nitrate removal from drinking water, Desalination, 196
(2006) 135-148.

[22] C.T. Matos, A.M. Sequeira, S. Velizarov, J.G. Crespo, M.A. Reis,
Nitrate removal in a closed marine system through the ion ex-
change membrane bioreactor, Journal of hazardous materials,
166 (2009) 428-434.

[23] A. Asgari, F. Vaezi, S. Nasseri, 0. Dérdelmann, A. Mahvi, E.D. Fard,
Removal of hexavalent chromium from drinking water by gran-

ular ferric hydroxide, Journal of Environmental Health Science &
Engineering, 5 (2008) 277-282.

[24] A. Genz, B. Baumgarten, M. Goernitz, M. Jekel, NOM removal by
adsorption onto granular ferric hydroxide: equilibrium, kinet-
ics, filter and regeneration studies, Water research, 42 (2008)
238-248.

[25] Y. Tang, X. Guan, J. Wang, N. Gao, M.R. McPhail, C.C. Chusuei, Flu-
oride adsorption onto granular ferric hydroxide: effects of ionic
strength, pH, surface loading, and major co-existing anions, Jour-
nal of Hazardous Materials, 171 (2009) 774-779.

[26] M. Badruzzaman, P. Westerhoff, D.R. Knappe, Intraparticle diffu-
sion and adsorption of arsenate onto granular ferric hydroxide
(GFH), Water research, 38 (2004) 4002-4012.

[27] R.M. Dhoble, S. Lunge, A. Bhole, S. Rayalu, Magnetic binary oxide
particles (MBOP): a promising adsorbent for removal of As (I1I)
in water, Water research, 45 (2011) 4769-4781.

[28] A.R. Asgari, A. Mahvi, F. Vaezi, F. Khalili, Study of the efficiency of
Arsenic removal from drinking water by granular ferric hydrox-
ide (GFH), (2008).

[29] N. Oztiirk, T.E.l. Bektas, Nitrate removal from aqueous solution by
adsorption onto various materials, Journal of hazardous materi-
als, 112 (2004) 155-162.

[30] M. Chabani, A. Amrane, A. Bensmailia, Kinetic modeling of liquid-
phase adsorption of nitrates on ionized adsorbent, Desalination,
197 (2006) 117-123.

[31] A. Bhatnagar, Y. Choi, Y. Yoon, Y. Shin, B.-H. Jeon, ].-W. Kang, Bro-
mate removal from water by granular ferric hydroxide (GFH),
Journal of hazardous materials, 170 (2009) 134-140.

[32] E. Kumar, A. Bhatnagar, M. Ji, W. Jung, S.-H. Lee, S.-]. Kim, G. Lee,
H. Song, J.-Y. Choi, J.-S. Yang, Defluoridation from aqueous solu-
tions by granular ferric hydroxide (GFH), Water Research, 43
(2009) 490-498.

[33] E. Kumar, A. Bhatnagar, J.-A. Choi, U. Kumar, B. Min, Y. Kim, H.
Song, KJ. Paeng, Y.M. Jung, R. Abou-Shanab, Perchlorate remov-
al from aqueous solutions by granular ferric hydroxide (GFH),
Chemical Engineering Journal, 159 (2010) 84-90.

AUTHOR(S) BIOSKETCHES

Sciences, Qom, Iran. Email: rahimit65@gmail.com

Sciences, Qom, Iran. Email: nvaezi.11@gmail.com

es, Qom, Iran. Email: khazaei@mug.ac.ir

Iran. Email: bm_vakili@yahoo.com

Rahimi, T., Research Center for Environmental Pollutants and Department of Environmental Health Engineering, Qom University of Medical

Vaezi, N., MSc, Research Center for Environmental Pollutants and Department of Environmental Health Engineering, Qom University of Medical

Khazaei, M., Ph.D., Assistant Professor, Faculty of Health, Department of Environmental Health Engineering, Qom University of Medical Scienc-

Vakili, B., MSc, Office of Improvement on Wastewater Operation Procedures, National Water and Wastewater Engineering Company, Tehran,

Izanloo, H., Ph.D,, Assistant Professor, Research Center for Environmental Pollutants and Department of Environmental Health Engineering,
Qom University of Medical Sciences, Qom, Iran. Email: 4-izanloo@mugq.ac.ir

COPYRIGHTS

(https://creativecommons.org/licenses/by/4.0/)

copyright for this article is retained by the author(s), with publication rights granted to the journal.
this is an open-access article distributed under the terms and conditions of the Creative Commons Attribiotion Licsense

HOW TO CITE THIS ARTICLE

DOI: 10.22053/jsehr.2016.33386
URL: http://jsehrnet/article 33386.html

T. Rahimi, N. Vaezi, M. Khazaei, H. Izanloo, B. Vakili, Application of Granular Ferric Hydroxide in Removal of Nitrate from Aque-
ous Solutions, Journal of Safety, Environment, and Health Research, (2016) 31-35.




